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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject new 

DNA capable of coding a hematopoietic organ type 
prostaglandin D synthase of a mammal and providing an 
enzyme useful for the elucidation of a mechanism for 
producing prostaglandin D2, development of a 
therapeutic agent for allergic diseases due to enzyme 
inhibition, diagnosis, etc., of leukemia. 

SOLUTION This new DNA is capable of coding a 
hematopoietic organ type prostaglandin D synthase of a 
mammal (e.g. a human) having an ammo acid sequence 
represented by the formula and used for the production, 
etc of the prostaglandin D synthase useful for the 
elucidation of a mechanism for producing 
prostaglandin D2. development of a therapeutic agent 
for allergic diseases and mastocytosis concerned with 
the prostaglandin D2. diagnosis, etc.. of mastocytoma 
and leukemia The DNA is obtained by screening a 
chromosomal gene library derived from the human liver 
with a rat hematopoietic organ type prostaglandin D 
synthase cDNA as a probe and recovenng the DNA from 
a positive clone. 
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A. 

Ac . 
[It -Rifl 71 t b il£ itLgSSi n ;^ ? ^ =7 >• : > D a-/S 

t n 0 0 1 1 

9 =7 ^ , ■ D r^fSff?^- 1 1' !•> . i-te'iS*^ * 

.5 v^-, •» - ^Jf'-«te» ^ ^- 

[000 21 

ssi-r -5 -7- ^ ^ K > is$;5 > itjit^ifaia^ ftfit ^ * i -t- ^t^-J*^ 

J; ^.-cm^-n 5-^ > >H'0* 

xiti ..o Hi fti (40 h'hvcv> a-;itf» ^- < :■ - ' "- «^ ^ ^ - 

(0 0 0 31 1 • G 1) ;Y;.tS? ^ (CI I . " 'V ^ ' 
(^>jSlllL§g1'n'GD-,>i.1cS?« (Chv.st Ha/.<-lh..r and Nugt 
c.r,.n. Bioehi.. Biophys^ Acta, f.T'J, 43-51 (ht79). U 
i.deei Hi.. J. B,,ol. Cnem., 2rc. 3S20 3S2r. (19s 

(Sh]nir/.u ei al. . J. Bi«l. Cl-.^.. 25 1, '2Js 
(l',)79K l.adcel al , J. Hi"!- (hem.. 260, 12410-1 

2415 (r.>8rv)) cn::m^im{ir\ --.<z. u^jifei r-.ii.ro 5 

(Lirade el ai.. J. LiP'd Mt-d.au.rs Coll Siynallin 
8. 12. 257-273 (1995)). - f I ffll ^fcW^^'.'S- 1> . 
^■14, BW. 'it®. ?f^<l^«*^ )l*j||f,l^f±i4)«^£i''^'SafS'^ 

■ : ^i-^^-'Y ^^-^ '"^'^^ ^^'J 

ihara i-l al.. Aich. Biochem. Biophys. . 260. 521 53 
1 iVm)} (Uiihara et al.. J. Invest.. Dermatol.. 
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90, 448-451 (19881) , 1S#I4- Wm% 

mx 14 1*^ w t' 'T.AitLx^m^m^^'^ -L^t' ''>*'^ 

Ct*''l91?>il'Cl-^r> (Urade et al. , J- Biol. them.. 
260. 12410-12415 (1985), Uenoft al. , J. Neufoche 
m. , 45. 483 4S9 (1985), Urade et al. , J. Bi<.I. Che 
m. ,262. 3820 3S25 (19S7)), G'>h et al. , Biochiiii. Bi 
ophvs. Acta. 921, 302-311 (1987). Tachibana ot a 
1.. Proc. Natl. Acad. Sci. USA, 84, 7677 7680 (198 
7)).. 

[000.11 ^^m^hn. ^-'hmi^m^GnirfS. 

i^r.til^fcL fl (Ujihara et al., J. Invest Dermato 
1_ 90, 448-451 (1988), I rade et al., J. linmunol. . 

143, 2982- 29^9 (1989). Urado et al. , J- Biol. Che 
m. . 26.5, 371-375 (1990), Miwa el al. , Anals Otol. 
Rhin-.l. Laryngnl.. 100. 665 667 (1991))o 

[0 0 0 51 ^cr.^ v M-*^l+'5«tli^''>**5't'^*»^'°^ 

:(£m^ h . ma.%m pen (tumma^^Rfc:-^^ i 

P / n .x f ''--^i :- D2'/>'« 't:A:« tjEila^S?S'!l'G 

l>/-dL (Murakami etal. . ,1. Bi.-l. Chen. . 270. 3239" 
3246 (1995)). ■ ^xn f f =7 > I'yD^i^^tymM.^^. 

[0 00 61 • t 1- ^m.mmm:m-S'^s.<r)i^^^^iri^ ^ 

( : i C '3 1 .5 .IjI c 5 ^ t o i • ^ " * ''"^ ' ^ 

L. Ne» Engl. J. Med.. 303. 1400-1404 (19s0)), t 
r- <r-»««:.«.«;«!V *. . n -'^ f r" =^ ^ v - D,A''Ba 
j^-j ..j^)^.■t1:.'7iift^SSi■■ ^ 
[0 0 0 71 ' a .7, ^ r > : ■ > 1") jli .5 ( iftt^ W 
.r.v .|i^M»4s6'>!K«.:{- i. ') - ll/J- 

i^./r/n .', •' - : , : 14, fe'^' - " - 

^itri > "j, IVK.xisoineProl 1 f orator Act i valed Recep 
t"or (-in : /■-/^ii^ll^^'US•tt■:m^'-fe 
n\Km\\:V: \ (Kliewer et al.. Cell 

83. 813 819 (1985)), (Barry ot al.. Cell 83. 803- 

812 (1985)) ri;!^ 

[0 0 0 81 I Ti'L, ft^, r\ >V^-, 
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WSW^*> 2. 9 a . 1 1 - y. f - > i f 
[0 0 0 91 

(r^5SlliLts?yi'Gl>r>f.lc(lf^^cDNAc/:. ''a---> -^I'-B^ 

\-f'-. ^ '•:>{- >t;^ "'J '-^'-^ ^' 

10 0 1 01 HP*-, 4;ifinf3^f?(i- t => ' V . -^''^ 
■:f\z. »,tJ*j L , ^ " I • t-t- Y fid 51J i- i^TE I- . r^(»#^':> 

. - . I » . ^ J_ an »l! T> 

r X ' fr4fc. '■".■-»; (H'i- i- ■"■^ ' - J- " ^ - ' - • ■ • ^ 
fc, jgikgg?'! P G D j^/jt»lg<^jBfe f i%Jli«ltS$ri)S -^-5 

[001 1 1 

PGi)u^B«fl*^-4-?fe3i^"2' - ^aSL/io ?u>^-. 

t hte«<r>R N A*- m /i2lfiL^¥!P G D ,'f6tcftf#j*- ^ 
- |--^-o<- 1>N Ac/.mStt ^ a---; .-'(--picJy U/';:. f"- 
f:,4e/-cl-^^"cDNA:''a-. (phHPGl)Sl) ^> 

'<)-., 

[n 0 1 2l DNAf-t 1 9 9 ; ' 4" o 

-V . ' . m r7 . - i -t ■ •:. Z.^.iA'ii--> > " - 'I' 

V L-.-^V/frl-i,, «-;/gc" -" ' ^niri 
g|";'l]'Gl),'ri.tPi?iMrt 1 9 9v i ff^fi^htc^o f -v'' 
. 'M'-'iJctl.ilBil' :- a--::^: - "'^iifc-'V-'^ 
*3j;l>- ■•' l-v'-jiViia3S]VJPGl)rV;<)t(^4lv/''ftdVthi!(iv 4n 

0^--!-. i^ifi I- -t ifi ifcsss p G D ■:k}mM 
[00131 4^ 1^ 1- j£ifn.§i^'?J P G D .^;Ae^# ^ 
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- c DN A'rT 7pf< " ^ ^-i? .tfeT-c^'' '"a^- 
7 -7hHPGDS) ^««6L. $fi:r=^:.'.l h-T'-kimm 
B I. 2 1 (DE 3 ) Sr)f'-«ife^ft L ii-m^.m^^ I P 

G D ftmm^ $r ■ - t -J'^ o ^ I 
[0 0 1 ll -t-''ct>-i^, 4;>*l3fjl.-tu l-jfiifetff'WPGDg- 
;^c6? # ?r --■ - F O N A , 3« D N A tfi f-ft t. ^^-'^ 

jfiLgi'?J p n ;.-f^mM ^mm- 1, ('^ ^-.^^ . 

[00151 -^5 H p T 7 7 h H P G D S tT' 

B P - 5 -4 8 iii^f]«:3fctt~ IlSi^WK'^^ftT.'^ r 

f) 2 7 

[0016] ;t>:i^"^'/>t h5gifa8S?IPGD'f^)3lce?i«Sr::' 

- h-rs c DN Aco - v-=^i ''■111-'. Fr-Mi-i^iytei- 

MPGDa-^tftl*$:*^«L (Uradeet al., (1987) ml 
[(. (> ! ,1 UfmM<r-S ^lia-^ I '6<ffld<") 'L'rad.> -•t 

ll , ivm) mm . ^itvin.si,/--^ i w^r*/)-'- 
; / m^n X 0 tttffl'J 5 i I 1 > N A ' < " ■'^''^ L , 

y ■■' h MWm R N A tftj 5'! t + J- K T P C K t^TO f- 

1 3 4 b p^nc DNAItfrKr^iifitei^ii. ^<^55 
u'i-^ FBB»i)l±=^ hmmx » fi^SliL fciilifiiSS'^-PGD 
^ ' mmn^-:^- hLXX 1 3 1 
b pcOc DN Al«Tn>o;< " U-')-?- Kfld?"] i ^jil K 
i- 1, ri ' ma. fel 2 -7^+, mta $ ii c D N a lO 

L, 5' KACH (Kopid Anipli ficalion ..f oDNA Un 
ds) 3' RACE&l-i^'-^i^Ji' (1 kb) <r.=7 
■■ I ii*: ±t-3 P G D '•-••V;*»* <■ D N A i^ifft I ^-c - 

[00181 ■■' 1- iSdiiSs 5'i I' G D ■■W,liil¥4f D K A (i 
1 9 9 ^ • mi. - - '. I ('} ^' 5 9 7 V I K<"-i- 

'i^v'/"' fit fi. '-.'M- ^ 
r i / B^fld '-"J i •' • " K ? '^■'^^^'J ^ 

-t 5 t . ^'''-'i- » ^^••'t -- fc**^**^'''"^ ^ ' S^'*'-^'' - - ^ 

4 o%/>ttirnin:i''M . ii'^;'/: ••"H'li '''-^ 

[0 0 191 t |..'.-{^^tli^A.t;,|ISif{L./c kKNA&:Mi 
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VN-c. S,tifn.^MPGD,^^-tfi#^c DNA^irr^cF- 
./^^.j if— V g ;'^'fTV\ t h 

f^jftfe f ^ -f ^' - • ' ^^J^n-^*^^ G D ,>J.\i 
c DN Ai- 'VJ-- '' ^ LT ^ L . ^ 

^^my. . ^''■••'^ ■' '-■■^■^ vmm^ik-aiLxs:- ^ -^^^ m 

^I,._«,Hll>^-5- - RACKte, 3' races;*: 
m\ '^Sfeft (Ikb) hiSlflLiS?¥!PGD.^/>£5?l«- 
c DN A^- ^filL /.I (M 1 >c. 

[0 0 2 0] ^lOrtdJ-iJIiMB*!- ■' n--- ■^Siifc"'^ 
hJ:>)gifc8&'?JPGI)i'tfitSf#i':>K<*iJ>"«o 

[ 0 0 2 1 ] iJ^ "bnfc c higikS;'4'iP G ir^im^ c D 

p;c-^fT-t-5^&^/=* J< 5 K ( p T 7 - 7 hll P 
GDS) I'ffi^L. KT'^;;»%®B L 2 1 (D 

E 3 ) 4- iafe;^- L fc. n<n^m^^ i p t c t 

^Mi>GD,;W^(cf##'0-tt;H <Urdde et al., (19^7) flu 
[0 0 2 2] <t *) t- hatifiL«S! P G l>.^!m 

m^^ t: I- ii!.-!fiLgs§'i p G D f^mm^^^^i- s^^- - ^ 
^ _ 5 ^ t * # -ism-^ " ? - 

P G D a->'tl^5^^ = - I- '4- o D N A t^) 

1 ■-cif^*■^^ 1 5r J; - Mim- ^ iumi p g d S- 
/-ifflmx. t ! IB itiL-iSSi P G 1) aSifeiSS'-; i' G 
x-j^mmm^''' ^ '' " — ''■ f- 't"' ' - -'"^ 

I ,, ,r, 'j . n if: H j f^B > 'n. "»] ^ <'^' "tl^i . t T> Bil^i lill 

too 2 31 ♦:<6W<'>!-- ! iSdiLMPO n i>|,t«** ^- r. 
" I- c ON A<:n-< " L •4--'- l-edi<'iUi.l-3 1 (1 .rdiSt ^ 
-r V « S i>' , -^1 1 1 h If . I> N A i' I- ■ -l--^- K 

P G D i: [pl^l.'-'tltSl' fr»- 5l4'#<*^*-#'' - 

t ■:. ;c I . m -ii l> I) N Al^\$f^fc-i: t'^^-iuic i; - r 
- 1 Z> u f ^gifal^l-fVi PG D-^i-fci^^^^f^^^^ t^^'^^J 



[0 0 211 t h it«MP G D a•^^iS#^& =■ 

- 1- -r 5 D N A 4 fi-^ I, . ^ -«± m^ia^lcr^ 
5 ^ t =4- ^ 2. c t h if ikS '5'^ P G D u^).tc 
B#3!«DN A. ^"!feJtir-iiL ^-fi. ^DNA>r>ffA 

riZ/'f-Jo. fJxit', s V 1 0 r /^''-^'J^5iiife;T•^'■' 
7"'=r-^ ..n /p*- CMV? iVWJ'-t'' 

[0 0 2 5] ^ f — ipdii^itptfJ^^^iHg-:"— * — 

t K;£i6iSI'VyPGD§-;^til?-*tt^W'ri.#^t 

[0 0 2 61 ^ ^ ir.-4-«l^-t-o(^i4 4;?6Bflc7^t h 

jSia^^PGDfw<t(»^^=^- b-tSDN AAr;i;=Ji;:c--^ 

c D N A I- A L . ft ^IBS'dt-- 5^ ^ L r 1 ^' c 1) N A 4: 

i&ia^ n m^m >6 - 1 -s-dn a-^ ? 9- l 
Fy-i(i!!)Waifla-^'7.>!iifeai(i*5i »-ci4 p kc r . p e 

30 F-BOS, CDM8, p C E V 1 'i' i ' f a -> i 
/U.xDNA/£k\ (^B^IC*3l^ritpGEMEX. pU 

[0 0 2 71 -A-i^mir't vm!kmmpcD<.-t,mm'^>^ 
m--m^i^i^mmmm-mr'm i inffec^'nNA*-<feia 



( ( .) ( .1 2 » 1 

cejfef'Ji 

■J^JSi^iJ 1 t I .£ ifiLlis 'f-'J P G D nim - K -r c 
50 DN Af > 
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(1) Nitik^MPGD'.1i-;j^»*cDNA<n:''a-= 
gtit-co 'jfe (Urade et al., (1987) mi^) (^J;'^^'-;' 

»! I. fc. 3 0 0 g cDffiMe#^Sr 3 A/ g '^^ " ^ ' 1' 
^^.-A^V-- 1? iLj;o-C'rj-« U>. Ut 'Ins lie 

KpH 9) 4^, 3 7 C, L, #e>4i/:i <:^ *- hl«f>i- 

^nSlfflHPLC (Tosothii. TSKgel ODS- 80Ts •<7 9A. 
4 6x250mm) T-',/Si (0.05% Tl^A ( h " V 'V -^-x^^m <r) 

Uit r, r-L- 1- 1- !' n i'^^ I- i--T:fi?(iit L -c^- 

5 y KSi^'J'^j^'Si (model 477A. Applied Biosyste 

I 1 'e - 1- y s P r .. - T h r - L c u - V re - P 
h e - G 1 y ]- y s 

10 0 2 91 flSJii»^«/>N;l;«T ' f^^^^^^ ^Lirado et 
al., (1989) mm - Rm#t.n/:.--/-^-Ht«(T>tcT)r 
5 / mm J; 0 Jtffl ^ i D N a:'' ^ ^ ^- ^ l-fc 
(BeckmanttW, 01 ig...lOOOffi>B), ^^PCRffl<^2ffl 

5) 4-ii(Ti'3cii\. 

5' CT I CT I T ACTTC AAY ATGMG IG 
G 1 AG 1 G C 1 GA AAT - 3 ' 

i-. ) 

5 • T T I C C R A A 1 G G 1 A R 1 G T 1 GG TT 

T--3* 
(RISA*>J.iMiG'i--T;-rc ) 



[00 3 01 -^-r^.'^y^ti^r^-h m-'^ 

m (Chomczvnski and Sacchi, Anal. Bi-chem. 162, 15 

6 159 (1987)) i^i^K y 'Ymmx^y'izK^^A^^mm 

L. oligo(dT) -tA a-;'.*^/. " n-'h "^^-^^- 
^rpolv(A) - R N A4-iHR L /c„ l.m-^^^^- 
^.^^l^r=r V h8fP|»mRNAtr»«i:-^-3R'l" ('^^^ 
ip) - PGR 4-f J R T - P C R li. AMVi*fi;3?f^ 

#i (Takara-th$;!) tPfu D N A* ^ — t-' ^Slialage 
n.itl.K) ^-^tlVv 1M.:K*N^ 9 1 Of'-ng. 4 5 

tr- 3 omm. 7 2 1 'r^PJ^- 1 ^ 'v t L xz.h. 

l-S O*^ (Perkin-I'lmerltSi, (lene Amp P 

( R System 24004-'(4i)l!)c 
I 0 0 3 1 1 ^.-c'lfc',.* 1 3 4 b p t'^ I- DN Atttf M-^^t^te 

.♦UT i 6$fld*y (Bd^'iJ^-^; 7 ) 1- Ul 2 ( :3ti-) o 
U' 0 3 21 te^ioHfc c DN A-'> < ^-^-^^^ KSd^-i);^ 

i;^ate^-*!me<J-''^-1'--?^'a).1cL. 5' -RACE 
(Rapid Amplification ol cDNA l-'ndb) fe, 3' RA 

Ci:iSitcJ;»)-^feli (1 k b) V I jt«?n'GD 

'^^mM^ c n N A m« I. (CI ontech^tf k Marathon 



cDNA Amplificatinn Kit%^ffl)o ttfe-f I^JS-fi^J:^-^ 
5* -RAG RfflV'^^l'-— 

5 • T AG G C C AGT C AG CTTG T T C \ AT 

- 3" 

3' - R ACEffl ''^l''> — 

5' -A TAGAACAAGCTGACTGGCCTA 

- 3 ' 

10 c D N K(r>^ L ->^^ KBdWJ (fld«l)*^ 

1 0) iii.X5~:'n V^r \ J}m.n (Bd*i]#->§-l 1) 

ii3(cie-*-. 

[0 0 3 31 Ufl#llLr'.'t?;^limmRNAl:ttS!tL 
-caSe-f^tSft^^^^i'-^- (Bd?*'lS#8*3J;t>9) 5rffl 
I'fc. 5* - RACK (Rapid Amplification of cONA 
Ends) 3- -RACHffi(cJ:*)^^S dkb) 
-r ■J';^5t«s?^ P G c D N A^ ¥-«tl. fc (CI 

ontechti.t!> Marathon cDNA Amplification Kit^te 
ffi). mhM--^J^-^^^^ DNA^:< I Kid 
20 n (Sd^US^ 2 3 ) *5 J: C^^->/) T-SBT 5 / S^fid?'! (id^^O 
6) &B! 1 1 l-'f:-^ o 

1 0 0 3 4 1 ( 2 ) t h p G D ^]mm^<^^ 

K t- 9fp It) T =^ -f ^ !' - 'X! oTit .ichtt) 

( 1) -T-$:i& L hiiiiifiiSS-^J P G D i>fi^cS?*- c D 

NAS'-.'-o-'/iL-CX:? 'I----;:-'* < /^^ - •> • :7' 

y ;i-^||tl ftfbitfc n-> cn.-^ :^ U'+^ K 

id?iJ^?«t>Tfl- "^=^':-' hj^i[lL:8l§yPGDfr6<SJ#;^c DNA 
30 .o'^ ? I Kid:?!] i: ttti L . 7 •/ > S?C',/S.-g:tfia*i] 

■$is-]-4"l./io 

[0 0 3 51 h^lflLl&5'!PGD^^^1lfi?^-c DNA^ 
X ? \. HPdWi t t hitiflL«i:^PGD ,>BtB*^^ifefef* 

2ioi;t/l 3) <r.ibKlgJSrE]4|-3E'n 
[ 0 0 3 '5 1 ' 3 ' 'Sjfn SS^. P G D .^fitf^* c D N 
A t') — -- ''' 

t higifa«-^» POD ^),ic»5iia<K-r-'^-'-- •':'--sr,>*^f:> 

fflV'^S' RACK (Rapid Air.plif icat ion of cUNA 
Hnds)" fi, 3 • K- A c: F. /iilJ: 'i-M ( 1 h ^ '-^ 
t h 31 lfiLS51i P G D i-^hl^n c D N A 4r ^HS L (Clon 
tecWi.K. Marathon cDNA Amplification Kit i'f'£)f))» 

1 4*5i:0 1 5) ^.-iTFC-ldi-o 
5' -RACEffl:''^^^'-"— 

5- - GAATTGCACCATGCCAAACT- 

3 ' 

50 3' R AC EH1 Z :' f-^'- 
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5' - AGTTTGGC ATGGTGCAATTC- * 

t:ifa-i-o t Kjtik«SiypGD,'T-;jic»^^'>>< ? ^^■ ''^sa 

[0 0 3 71 icn c D N A./))l¥4lf Ic J: "0 . M\T'T>f^fm 

1 ) c DN A(i 1 k b ir^hfi ') 3 • :t-:J!St' # 1' (A) f-t 10 
JPi '^-fA (AATAAA) ^^■^'i>o 

2) ^V^:<— /^'-f' (5 9 7.-?;"'U' 

K) //■ (^iS-^So ^ co-4— -^"^ f -7-' -I- - 

*Mi 0 8 ^ 6 1 0 VmTA C ^it n lO lC £ ') . 19 9 
-r 5 / SfA- ^£ ^. ^ - ' ^ ' « ^ - ^ - - 

3) '^lieN;-4;ffil(>i^'^o^>=^ '"-*" (f-n> >-dr 
-f— If) (-J;6!'>'it{b$.-$(t2.^>'i^-^^6'i^''J (El 

90 

1 m) ^^LtV^Cc 

[0 0 3 8] S?S|f ^ 2 t h jgjfl^^ P G D -^/^tfi?-^ §r 



1) irfmm c D N A T 7 r- V "irfife * 

(Tabor and Richardson. I'roc. Natl. Actid. Sc 
i. USA, 82. 1074-1078 (19S5)) .r.=.^ h a-A Td-g 
^ -r^.^mr''^ ^ 5 K ( p T 7 - 7 h H P G D S ) 

[ u 0^3 9 1 ^mmm^'^m^^ii ?>t 5 / ^sa?>jco^ 30 

mm^i 1 t b aSifn.s'a p g D-g-etj^^ c d n a(d 

^i^-^ix5- *ffi«i|*3j;?>3' *4|«tJ(r«ALfco MIA 

(t ; K ( p h H p G I) s ) ^.-mm tlx, aT(rj 
-f^^^r-^-mi^tcPCRmi^r'u-otu Pfu dnajK 

„ (stratagenefJ.) 'irJtH \ P C R *rt- ti 9 

4 c-?3 ofit-BSK 6 st-r 3 ofj-ra. 7 2f r 1 './BS^- 

1 -t)-^ I. rrjl^ 2 0-^-< "/Uffofc d'erkin-E 
Imertti'i. Gene Amp I'CR Svstem 24004-1€fl!). WU-fc 
■ f^^-,— <nt&Min^in Filld-t- (fid5iJS*;-2 K 2 40 

2 >. 

5* - N d e 1 

5 ' T G C C A T A T G C C A A A C T A C . A A A - 

3 ' 

3 ■ K c o K 1 ./^-l' — 

5' TGGGAATTCTAG AGTTTGGTTT* 

msaMife * (ng) : D ? ^ 



G - 3 * 

[ U 0 1 0 1 p T H C 8 (American Type Culture Col 1 
ection 4.^127) ^mmmMBmH I Xmitl fc (3 7 
'C, 6 0 V) (fe. Klenow DNA^!' ^^--t? (Takara 
^L) {z^f-mmkLf' (1 'jC. 6 0 W.. ^i»^t-^ E 
,.„KI N..II Banilll-'^'V'^- ^Takara*h) *T4DNA 

yi;-t (Takaratt) Ic .:^,^$-li7tt>^-"l% iii'lK?*^ 
Nde I'i'ftfbL. Tiyn — - 

2 5drn <-;^.^DNAt4ft;V^.-tE'mL^i,.. ::>^«I-L. 

-tiffy:i • ^-i- P T 7 7 h^Ti I. :fcc 
[004 11 P C R X-m*^ ^ D N A Wr >^ NdeK E 
coRl -riiiftl.fr-'g, T IDNA"^— 'Takfira) Cl 

t. .hr-ii^fc p T 7 - 7 ^ ( 1 6 

[0 0 .1 2] ±.xmtz5Lm<&im^\ M%i^n l 2 1 

ne 96. 23 2S (1990)) il J: ') tf^Wfe^i L . 

ft:. E. coli p YKl 5.-LBitftf6 (5 0,ig. ml ' 

f> '.I V^^O) t-r 8 - 1 6ff#t!Uif!«bfc:(t- I P 
TG (*^igffi0. 4mM) S.-fl?SP L "C $ 6 B#Kjtg* 

4- jg-L>i 1 p'lW L. , PBS r-^mok . m l tc (o 

utput 1-vel 5. 60 sec. W :f85. Heat Systems Ultraso 

it; I'S (1 1 H JfiL P G D {rj&m m ir- "I S-l « ra W l 
-r ?6m ^ 4t/io P G D ^/.t^S^a-tt^PJ^rH. t'- 

[0 0 4 31 p G D i^)m.^^m!^^^Mt. 

O.IM b 'J ;<fiB§^lf*f«'< (pH8) , lmM://t 9^- 
> H. (35-^t:1^-) i:l&m)>fi«!)Sr^tfl*'r4^2 sr., 1 

vm^>^^-— M-^-o fccrcji^-ii-.« (■:'*--='- 't:^—^ 

a . ^ y ./-'L ; IM -'-T-; fit - 3 0- I • 1 > ^r^fJti'^ 
r, .)SH43 J; 0^»«/s:G^M«i*oy p ^ » i >-D- 
'.t— r'U/{8) I'-fltimL, »^''a-rb-^ 

w A o am I ^PBf^fWii ; J- =*• •>• - • ■ ^ 

-^z '-'I : jfFftt- 9 0 : 2 : 1) I- 'r - V -i' ^ 
' f — i-'J-it*- (BAS 2 000, F u i il: *£*?L 

■'),?,« ^i-.4;*^'/:. K*i M /.S^iW-^K (l.o»Ty 
et al.. J. Biol. Chom. 193. 265- 275 (1951)) t^J:') 

[0 11 I 4 1 

U- 1 1 



4 . 3 



50 



1. 9 



(7) 



J|^W¥9- 3 2 2 7 7 3 



8. 

1 7. 
h 

o 
■I. 

2 1. 



11 



4 6 
9 2 
8 4 
6 



12 



[0 0 4 5] (2)M^^Um^ h^imiPGD 

>^#L7t (Output level f), 60 sec, W-3S5, Heat Syst 
ems-Ultrasonics, Inc. ) (l^ 63t{^ m^X. M 
m^^'^ 1 OmM '':^>fif^*S««^ (pH5) c-}^»fbL 

r.?i i ^^^^ ^ ^<^^mf. 

mm (pH9) T'?§mLr[.f]lRLfc.. :fe*^6^t^ l O Om 
I .oitift/.^r:>^g2mg^»fef^mx. ^^^yt: N3ii(n.:g^^^l 

0 0 0 ^ "9 , ^^m.^^.ii 4 . 5 o /I t '^^ ^ ' '^^^^i' 
[0 0 4 7 ] (3) 3t<^4-mi^X. hji!iJkS;^^PGD 

^jc^:^(r>ffiS^#;ci^(7:)i:t:fS'tl! (30.0 mol/min/mg Wtl 

ol/min/rngMSH) Ifg^-^^^'^ ^'o 
[0 0 4 8] }St;7ifmx ^^SlS-{i::*^H^^:t>^;k 

[on 19] z.Hh^mwtm^^^A'^^?^^-'^'^^- 
fi ^ V f mm^y^\^^vim''r x ^) i tr. jgikai^'^ p g d 

;^)m^M^mM (Uradeei al., (19S7) ftijftJ) i- ' 

-Isc-i Do 

[0 0 5 0] (4) igifiL^MPGDp^fitl#-^cO^.^M#. 



7- 0 
11.3 



3. 8 
6 - 6 
11.1 

3 5.1 ^ 

y - h ^T>ink.^^ p G D fws@#^(/:^se^«j t ^\ Am'Y^-^^ 

10 itt^^'l:^] 7 { -IB-r. 

[0 0 5 1 ] igifiL^^M P G \y^)mm<r^r y mi^^'U^i- 

^mmtM'. t h5i!£«'§ypGDf^6^^^-t^tfe^>:^A 

i^fiE^iJ (rtd^iJS^^2. IK 1»3. 17. 18. 19. 
2 0) tr»i-t:«c^[S8(rJr^«*-, 

[0 0 5 2] t: h itJfttgif P G l)^/»JtS^Mor>-r ^ / S^fid 

20 y c^cD^a^^'j i:: ooi:bftc. tHf^O'tt./^* < o i: 
(-) ^'^AL/c. 

[0 0 5 3] ;gjk^iSSPGD^/}tl#;l^(i. ^<it.'^r-'^^ 
L. ^At::. [i^lllU < t 

[0 0 5 4 ] 7" 5. / 6^fiL!9'i^:>"' ^ -r h ^ t> «- L -r 

30 \Yj&Lfz.. -t-(r)^ft:ir^^W^'L=^]9(^^^d-r. 

[0 0 5 5] ^i«^!PGDr>;.1t^-^{i. mi^W^'^^^ 

y ricn -A 5^^/ *."x^li^^=(-i5v\ i :o«{^;T^ 
[ 0 0 5 »i 1 '5) --^ 'SlfoP^'lP G D-rt^J^ftf^mR N 

L :d!i- lflL:^^'Vi P G D V-^bmM c D N A - ./ k L T 

[ 0 0 5 7 1 ^ • / rfii-^^f • ' ^ - ■ ^ 

Ift'^^HT*. -Si^ ^'^^^'^^ 
[0 0 5 8] :|lffim^(C:Jot1S>:^^:^:''^^ - ^ 

50 [0 0 5 9] 



(8) 



13 



10 



3 2 2 7 7 3 

14 

n /j5 ^ il-fc CO-Cx PCKi?iil-ct5 ^Xfo- Ss^t'l P G D ^ 

'^o /'-X n ;^ ^ > > >■ D.(r)it^in^.^ 1 
^.-y^z^^i. - Ai 2, 1 4 -y^p;^^5'^''7>v^:'' J^ti 
[ 0 0 <5 1 1 



1 



8 5 



^ / =7 1-' VI D,m:^(:: 5 t: h "^mim P G D a^;* 
^Ixi;-; -<?(/> :r p .-^ ^ ^ ^ ' v > D : m^(r>m^^^ 
[0 0 6 0] '/cf ;^ : i > Dzdiiii'l'^i^s '^1^" 

MP G Di>^t^^-(^ i: o tr^f ^i^-^o ^ 

^ivh iommm tf^h. ^ ^ i: ^) :^ ^ ^ ^ ^ > 
,^ -e # 6 . <^ {1 ^ J: ^5 "^^m^^ P G D ^/jtc^^ 
fl'MK^ 4^ (7) jgifi^^ P G D r'^^tgl 5# f^^fe 

GAATTGCACC ATGCCAAACT ACAAACTCAC TTA 
TTTTAAT ATGAGGGGGA GAGCAGAAAT 6 0 
TATTCGTTAC ATATTTGCTT ATTTGGACAT ACA 
GTATGAA GACCACAGAA TAGAACAAGC 120 
T G A c i < . G e; C 1 G ^ v^v i ^- ^ ^ ' V . . . . ._ . - ^ - 
TGGAAAA ATCCCC ATTT I GGAAGTTG A 1 8 0 
TGGACTTACT CTTCACCAGA GCCTAGCAAT AGC 
AAGATAT TTGACCAAAA ACACAGATTT 24 0 
GGCTGGAAAC ACAGAAATGG AACAATGTCA TGT 
TGATGCT ATTGTGGACA CTCTGGATGA 3 00 
TTTCATGTCA TGTTTTCCTT GGGCAGAGAA AAA 
GCAAGAT GTGAAAGAGC AGATGTTCAA 3 60 
TGAGCTGCTC ACGTATAATG CGCCTCATCT TAT 
GCAAGAC TTGGACACAT ATTTAGGGGG 4 20 
GAGAGAATGG CTTATTGGTA ACTCTGTAAC TTG 
GGCAGAC TTCTACTGGG AG AT TTG C AG 480 
rACCACACTT TTGGTCT i TA AGCCTGACCT GTT 
AGAC AAC CATCCAAGGC IGGTG ACTT'i 5 4 0 
ACGGAAGAAA GTCCAAGCCA TICCTGCCGT CGC 
TAACTGG ATAAAACGAA GGCCCCAAAC 6 00 
CAAACTCTAG CTGATCCATG TTGCCTTCAA GTT 
TGTTTTT CTCGGGGGC A TCTCTCTCAT 660 
CAGATAAGAC AGCTACATCA GCCTtiCGAGA iAA 
TCCACAT GCTCCCTCCC CAGCTCCACT 720 
AAGATTTTCA CTTTAGCCAT ATTCTGATTT TTA 
AAAAGG A AAATAAAAAC AAATCTTTCT 7 8 0 
TC AGT 

7 8 5 

[0 0 6 21 mm^:2 ^^um^^m 

mUrik^ : 1 9 9 ?x f- ^^^^ - 



(9) 

IB- ^ 

Met Pro Asn Tyr Lys Leu Thr Tyr Phe Asn Met Arg Glv Arg Ala Glu 
1 5 10 

lie He Arg Tyr lie Phe Ala Tyr Leu Asp lie Gin Tyr Glu Asp His 

20 25 30 

Arg lie Glu Gin Ala Asp Trp Pro Glu lie Lys Ser Thr Leu Pro Phe 

35 40 45 

Gly Lys He Pro He Leu Glu Val Asp Gly Leu Thr Leu His Gin Scr 

50 55 fiO 

Leu Ala He Ala Arg Tyr Leu Thr Lys Asn Thr Asp Leu Ala Gly Asn 
65 70 75 80 

Thr Glu Met Glu Gin Cys His Val Asp Ala He Val Asp Thr Leu Asp 

85 90 95 

Asp Phe Met Ser Cys Phe Pro Trp Ala Glu Lys Lys Gin Asp Val Lys 

100 105 110 

Glu Gin Met Phe Asn Glu Leu Leu Thr Tyr Asn Ala Pro His Leu Met 

115 120 125 

Gin Asp Leu Asp Thr Tyr Leu Gly Gly Arg Glu Trp Lou He Gly Asn 

130 135 140 

Ser Val Thr Trp Ala Asp Phe Tyr Trp Glu He Cys Ser Thr Thr Leu 
145 150 155 160 

Leu Val Phe Lys Pro Asp Leu Leu Asp Asn His Pro Arg Leu Val Thr 

165 170 175 

Leu Arg Lys Lys Val Gin Ala He Pro Ala Val Ala Asn Trp He Lys 



il^W¥9 3 2 2 7 7 3 



1 KO 



185 



190 



* 1 5 

10 0 6 4] ' 4 

30 m^w^ ■ 



35 



Arg Aig Pro Gin Thr Lys Leu 
195 

[0 0 6 3 ] SE^IJ*-^ ' 3 
Sc^ijCOfie : 9 

: 

He Lys Pro Thr Leu Pro Phe Gly Lys 

CTICTITACT TCAAYATGMG IGGIAGIGCI GAAAT 

[0 0 6 51 mm^'- 5 
m\\ ■ 

TTICCRAAIG GIARIGTIGG TTT 23 

[0 0 6 6] nm^n-- e ^mcrm -^m 

mm • 

CTfJCTGTACT TCAACATGCG GGGGAGGCxCG GAAATTATTC GTTATATATT TGCTTATTTG 60 
GACATCAAGT AfXJAAGATCA CAGAATAGAA CAA(XT(;ACT (XXCTAAAAT CAAACCCACC 120 
CTCCCCTTCG gcaa 

[oo6 7]ia^-j#^: 7 ^mm^m'-r^ym 

Leu Leu Tyr Phe Asn Met Arg Gly m k\<i Glu lie lie Arg Tyr lie 



17 



(10) ^flB¥9 - 3 2 2 7 7 3 

18 



1 5 10 15 

Phe Ala Tyr Leu Asp He Lys Tyr Clu Asp His Arg He Glu Gin Ala 

20 -5 30 

Asp Trp Pro l.ys He Lys Pro Thr Leu Pro Phe Gly 
35 40 
(0 0 6 81 6d*iJ#*J-: 8 -^m 



TAGGCCAGTC AGCTTGTTCT AT 

[0 0 6 91 mm^ •• 9 ^ ^^^^ j,^*? 

iawjO:g:$ -.2 2 _ h-f^r^l-'- 

ATAGAACAAG CTGACTGGCC TA 

2 2 

[0 0 7 01 i2*U#^: 1 0 

sa^^ijcDft^ : 1 00 4 hyf^x.p~:mm^ 

CAGAGCTCCT TCCAGGCTGA ACTTTGGACG TGT 
GTATCTC GTGTGAGCAA TGCAGGAAGG 6 0 

CTTTTAGGTG GAGGAAGTGG GCTCTGGCTG TCT 
J CTG 'X C" T A T r A f ' T C C C T C A T ( ' A ( A (^r A A 120 
GCCACAGTAC AGATAGGAAC GGAGACACAG AGA 
CACAGCA CAGCGAAGGG ACTCTCGGCA ISO 
TAGAACTGTA CCATGCCCAA CTACAAACTG CTT 
lATTTTA ATATGAGGGG AAGAGCAGAA 2 40 
ATTATTCGTT ATATATTTGC TTATTTGGAC ATC 
AAGTACG AAGATCACAG AATAGAACAA 300 
GCTGACTGGC CTAAAATCAA ACCAACTCTT CCA 
TTTGGCA AAATCCCTGT TTTGGAGGTG 360 
GAAGGACTTA CACTTCACCA GAGCCTCGCA ATA 
GCAAGAT ATTTGACCAA AAACACAGAT 4 20 
TTGGCTGGGA AGACAGAGCT GGAGCAGTGT CAA 
GTGGATG CAGTGGTGGA TACCCTGGAC 4 8 0 
GATTTCATGT CACTCTTTCC ATGGGCAGAG GAA 
AATCAAG ATCTAAAAGA GCGGACGTTC 540 
AATGACTTGC rCACACGTCA AGCACCTCAT CTT 
(-TGAAAG ATTTGGACAC ATACTTAGGA 6 00 
GACAAAGAGT GGTTIATTGG CAATTATGTA ACT 
T G G G C A G A T T T C T A T T ( ; C C A T A 1 C 1 G C 6 6 0 
^GCACCACAC TTTTGGTCTT AAAGCCCGAC CTG 
•ITGGGCA TCTACCCCAG ACTGGTGTCA 7 20 
CTACGGAACA AAGTCCAAGC TATTCCTGCT ATT 
TCTGCCT GGATCCTAAA GAGGCCACAG 7 80 
ACAAAACTCT AAATGATTCT GGACCCATCA TCA 
GATGAGA AGTCCATCAG CCGGCTACAG 84 0 
CATCTGCAAA CTTCTCGCCA CCACTAGGCC TTC 
C T C T C A C T T T G T A G T ASO' T G T G C T l' G C T 9 0 0 



(ji;, !ttW¥9 3 2 2 7 7 3 

GTGTAGGATT CGTTTGTTGT GACTTTGTCT TTT 
TCTGTAG GCATTTAGTT TCCAATATTT 96 0 
TTTCAAAACT TCACACGTTT TATAATTACA GGG 
AAATAGT TCAC ^0^^ 

[00 7 1] Mn^^ -11 , ^ . fr*fi.H^ 

ge^-'iJiOftS : 1 9 9 

Met Pro Asn Tyr Lys Leu Leu Tyr Phe Asn Met Arg Gly Arg Ala Glu 

1 5 10 15 

lie lie Arg Tyr lie Phe Ala Tyr Luu Asp lie Lys Tyr Glu Asp His 

20 25 30 

Arg He Glu Gin Ala Asp Trp Pro Lys Tie Lys Pro Thr Leu Pi'O Phe 

35 40 45 

Gly Lys He Pro Val Leu Glu Val Glu Gly Leu Thr Leu His Gin Ser 

50 55 60 

Leu Ala He Ala Arg Tyr Leu Thr Lys Asn Thr Asp Leu Ala Gly Lys 
65 70 75 80 

Thr Glu Leu Glu Gin Cys Gin Val Asp Ala Val Val Asp Thr Leu Asp 

85 90 95 

Asp Phe Met Ser Leu Phe Pro Trp Ala Glu Glu Asn Gin Asp Leu Lys 

100 105 110 

Glu Arg Thr Phe Asn Asp Leu Leu Thr Arg Gin Ala Pro His Leu Leu 

U5 120 125 

! vs. A^p ' '"'S Thr Tvr l eu f^>y Asp i.vs Giu Trp Die lie Gly Asn 

130 135 140 

Tyr Val Thr Trp Ala Asp Phe Tyr Trp Asp He Cys Ser Thr Thr Leu 
145 150 155 160 

Leu Val Leu Lys Pro Asp Leu Leu Gly He Tyr Pro Arg Leu Val Ser 

165 170 175 

Leu Arg Asn Lys Val Gin Ala He Pro Ala He Ser Ala Trp He Leu 

180 185 190 

Lys Arg Pro Gin Thr Lys Leu 
195 

l0 0 7 2liE.U#^:12 

is.'9mm ■■ mm. ^ 

CAGAGCTCCT TCCAOa'TGA ACTTTa^ACG TGTGTATCTC GTGTGAGCAA TGCAGGAAGG 60 

CTTTTAGGTG GAGGAAGTGG GCTCT&XTG TCTTGTGACT ATCACTCaT CATCACAGAA 120 

(XCACAGTAC AGATAGGAAC GGAGACACAG AGACACAGCA CAGCGAMK^X, ACTaCGGCA 180 

TAGAAaCTA CCATGCCCAA CTACAAACTtJ CTTTATTTTA ATATGAGGGG AAGACXAGAA 240 

ATTATirGTT ATATATTT(«: IIATTTGGAt ATCAAGTACG AAGATCACAG AATAGAACAA 300 

GCTGACTG(X CTAAAATCAA ACCAACTCTT CCATTTCm AAATCCCTGT TTTGGAGGTG 360 

GAAGGACTTA CACTTCACCA GAGCCTCGCA ATAGCAAGAT ATTTGACCA 409 
[0 0 7 3lidf.my-: 13 ★mc:0^:-4.tfl 

:4 06 h^Pv-:»ttfe=t^ 

CATGATCTGA TTTCAACCAA GTTTCCCCGT ATGTAATTAG ATAGTGATTT ATAATTTKKi 



60 



TTTTGAAATA TCCTCIAATG TCTCCAGTAA TOCAAGAGA TGtXATAAAG TTTTCCAAAA 120 



(,2) =p,p^->1£9 - 3 2 2 7 7 3 
21— W 22 

AATTCTGAAG AAAAATATTG AGGCATCTCT AGAGGGCTCT TAAAATAATC CCTCCCTTTT 180 

TfTTTTTCCA GAATTGCACC ATGCCAAACT ACAAACTCAC TTATTTTAAT ATGAGGGGGA 240 

GAGCAGAAAT TATTCGTTAC ATATTTCaT ATTTGGACAT ACAGTATGAA GACCACAGAA 300 

TAGAACAA(K; TGACTGGCCT GAAATCAAAT CAAGTAAGTA GCACAAATAA TAAATGTAGG 360 

AAAATATGCT TTCAGAACa TTTGTTTTTC CTCAGGGAAT GAAAAA 406 
[0 0 7 4] mf'm'X ■ 1 1 . 
SBJiJc^a^ : 2 0 

^m^M ■■ * 

GAMKXACC AT(K;CAAACT 20 

AGTTTGGCAT GGTGCAATTC 20 

Met Pro Asn Tyr Lys Leu Leu Tyr Phe Asn Met Arg Gly Arg Ala Glu 

1 5 10 15 

He lie Arg Tyr He Phe Ala Tyr Leu Asp lie Lys Tyr Glu Asp His 

20 25 30 

Arg He Glu Gin Ala Asp Trp Pro Lys He Lys Pro Thr Leu Pro Phe 

?,B 40 45 

Gly l.ys ile no Val Leu Glu Val Glu Gly Leu Thr lie His Gin Ser 

50 55 60 

Leu Ala lie Ala Arg Tyr Leu Thr Lys Asn Thr Asp Leu Ala Gly Lys 
65 70 75 80 

Thr Ala Leu Glu Gin Cys Gin Ala Asp Ala Val Val Asp Thr Leu Asp 

85 90 
Asp Phe Met Ser Leu Phe Pro Trp Ala Glu Lys Asp Gin Asp Leu Lys 

100 105 110 

Glu Arg Met Phe Asn Glu Leu Leu Thr His Gin Ala Pro Ai-g Leu Leu 

115 120 12" 

Lys Asp Leu Asp Thr Tyr Leu Gly Asp Lys Glu Trp Phe He Gly Asn 

130 1^5 ^'^^ 

Tvi Val Thr Trp Ala Asp Phe Tyr Trp Asp He Cys Ser Thi Thr Leu 
145 150 155 160 

Leu Val Leu Lys Pro Giy Leu Leu Asp He Tyr Pro Lys 1 eu Val Ser 

165 170 175 

leu Arg Asn Lvs Val Gin Ala He Pro Ala He Ser Ala Trp He Leu 

!K(, 1K5 100 

Lys Arg Pro Gin Thr Lys Leu 
195 

[0 0/ i] edi'iiSo ■ 1 I ^ 

M^(r>M:^ : 2 0 3 W I J 

lys Asn Thr Tyr Thr Leu Phe Tyr Phe Asn Val Lys Ala Leu Ala Glu 
1 5 10 

Pro leu Arg Tvr Leu Phe Ala Tyr GMGly Ile Glu Tyr Glu Asp Val 



(13) ij#f«f-9- 3 2 2 7 7 :^ 



_ 24 

23 

20 25 30 

Arg Val Thr Arg Asp Glu Trp Pro Ala Leu Lys Fro Thr Met Pro Met 

35 40 45 

Gly Gin Met Pro Val I.eu Glu Val Asn Gly Lys Arg Val His Gin Ser 

50 ^"'5 60 

He Ser Met Ala Arg Phe Leu Ala Lys Thr V^l Gly Leu Cys Gly Ala 

•7A 75 80 

65 70 

Thr Pro Trp Glu Asp Leu Gin Val Asp He Val Val Asp Thr He Asn 

85 90 

Asp Phe Arg Leu Lys He Ala Val Val Ser Tyr Glu Pio Glu Asp Glu 

100 105 
lie Lys Glu Lys Lys Leu Val Thr Leu Asn Asn Glu Val lie Pro Phe 

115 120 125 

Tyr Leu Glu Lys Leu Glu Gin Thr Val Lys Asp Asn Asp Gly His Leu 

130 135 140 

Ala Leu Asn Lys Leu Thr Trp Ala Asp Val Tyr Phe Ala Gly He Leu 
145 150 155 160 

Asp Tyr Met Asn Tyr Met Val Lys Arg Asp He Leu Glu Gin Tyr Pro 

165 170 175 

Ala Leu Arg Gly Val Val Asp Ser Val Asn Ala Leu Glu Pro He Lys 

180 185 190 

Ala Trp He Glu Lys Arg Pro Gin Thr Glu Val 
195 200 

* A.iA;\\m><ii : r I / ^ 

id?''U'^M $ : 2 0 6 

Met Pro Gin Tyr Lys Leu Thr Tyr Phe Asp He Arg Gly Leu Gly Glu 

15 10 15 

Gly Ala Arg Leu He Phe His Gin Ala Gly Val Lys Phe Glu Asp Asn 

20 25 30 

Arg Leu Lys Arg Glu Asp Trp Pro Ala Leu Lys Pro Lys Thr Pro Phe 

35 40 45 

Gly Gin Leu Pro Leu Leu Glu Val Asp Gly Glu Val Leu Ala Gin Ser 

50 55 60 

Ala Ala He Tyr Arg Tyr Leu Gly Arg Gin Phe Gly Leu Ala Gly Lys 
65 70 75 80 

Thr Pro Met Glu Glu Ala Gin Val Asp Ser He Phe Asp Gin Phe Lys 

85 90 95 

Asp Phe Met Ala Glu Leu Arg Pro Cys Phe Arg Val Leu Ala Gly Phe 

100 105 I'O 

Glu Glu Gly Asp Lys Glu Lys Val Leu Lys Glu Val Ala Val Pro Ala 

115 120 ^'^^ 

Arg Asp Lys His Leu Pro Leu Leu Glu Lys Phe Leu Ala Lys Ser Gly 

130 135 140 

Ser Glu Tvr Met Val Gly Lys Ser Val Thr Trp Ala Asp Leu Val We 
150 155 160 

Thr Asp Ser Leu Ala Ser Trp Glu Ser Leu He Pro Asp Phe Leu Ser 

165 170 175 

Glv His Leu Gin Lou Lys Lys Tyr He Glu His Val Arg Glu Leu Pro 
180 18R) 190 



(14) ^m. !t$|«>f 9 3 2 2 7 7 3 



^ _ 26 

25^ 

Asn lie Lys Lys Tip He Ala Glu Arg Pro Lys Thr Pro Tyr 
195 200 205 

100 7 91 mm^■■ i9 ^mwrn-.n^m 

: 2 0 8 

Met Val Has Tyr Lys Ix-u Tla Tyr Phe Lou Sor Arg Gly I.e.. Gly Asp 
1 5 10 

Val Ser Arg Gin Leu Phe His Leu Ala Asp Val Asp Phe Glu Asp Glu 

20 25 30 

Arg Leu Glu Lys Pro His Phe Leu Glu Lys Lys Glu Thr Tyr Pro Phe 

35 40 45 

Lys Gin Val Pro Val Leu Ser Val Asp Gly Phe Gin He Pro Gin Ser 

50 55 60 

Met Ala He Ala Arg Tyr Leu Ala Lys Lys Phe Gly Phe Ala Gly Lys 

■7ft 75 80 

65 70 

Thr Ala Glu Glu Ser Ala Met Val Asp Ala Phe Val Asp Gin Phe Lys 

85 90 
Asp Phe Tyr Ser Glu He Arg Asp Tyr Tyr Tyr Thr Met Leu Gly Leu 

100 105 110 

Gly Leu Thr Asp Leu Asp Gly Asp Glu Gin Lys Asp Lys Val Leu He 

115 120 1-5 

Pro Ala Arg Asp Lys Phe Leu Pro Leu Leu Thr Arg Tyr Leu Glu Lys 

130 1^5 140 

S,..- !v- S>-r Civ Phf !.cu Va! Asp Glv Giv Leu Tin Phe Ala Asp Leu 

]r,r, 160 

145 '=^0 

He lie Leu Asp Asn Met Thr Ser Leu Leu Asn Trp Trp Pro Glu Tyr 

165 170 175 

Ala Asn Asp Tyr Pro Val lie Leu Ala Trp Arg Asp Lys Val Met Asn 

180 185 190 

Tyr Pro Arg Leu Lys Glu Tyr lie Glu Lys Arg Pro Val Thr Met Tyr 
195 200 205 

10 0 8 01 IB..m^: 2 0 " '^'^^^'''1^ 

Ala Glu Lys Pro Lys Leu His Tyr Phe Asn Ala Aig Gly Arg Met Glu 

10 15 
Ser Thr Arg Trp Leu Leu Ala Ala Ala Gly Vai Glu Phe Glu Glu Lys 

20 25 30 

Phe lie Lys Ser Ala Glu Asp Lea Asp Lys Leu Arg Asn Asp Gly Tyr 

35 40 45 

leu Met Phe Gin Gin Val Pro Met Val Glu Ho Asp Gly Met Lys l.eu 
50 

Val Gin Thr Arg Ala He Leu Asn Tyr He Ala Ser Lys Tyr Asn Leu 
65 70 75 80 

Tyr Gly Lys Asp He Lys Glu Arg Ala Leu lie Asp Met Tyr lie Glu 

85 90 95 

Gly He Ala Asp Leu Gly Glu Met He Leu Leu Leu Pro Val Cys Pro 

100 105 110 

Pro Glu Glu Lys Asp Ala Lys Lou Ala Leu He Lys Glu Lys lie Lys 
115 120 50 125 



(15) 

_ 28 
27^ 

Asn Arg Tyr Phe Pro Ala Phe Glu Lys Val Leu Lys Ser His Gly Gin 

no 135 140 

Asp Tyr Leu Val Gly Asn Lys Leu Ser Arg Ala Asp He His Leu Val 
145 150 155 160 

Glu Leu Leu Tyr Tyr Val Glu Glu Leu Asp Ser Ser l eu He Ser Ser 

165 170 175 

Phe Pro Leu Leu Lys Ala Leu Lys Thr Arg lie Ser Asn Lou Pro Thr 

180 1«5 
Val Lys Lys Phe Leu Gin Pro Gly Ser Pro Arg Lys Pro Pro Met Asp 

195 200 
Glu Lys Ser Leu Glu Glu Ala Arg Lys He Phe Arg Phe 
910 215 220 

TGCCATATGC CAAACTACAA A 

aB?U<r>ft$ : 2 3 

TGGGAATTCT AGAGTTTGGT TTG 23 

100 8 31 ia?y#^^ 23 ^^S^'-'^L^ 

CTTTATGCAA ATACGTTGGA CTAATGTAGA GAG 
CTTGTGA AATGATGACA AAAGCTACCC 60AGA 
GCTCTTT ACAGGCTGAA CTTTGGACTC GTGCAT 
CTCA TGTGAGAAAG GCAGGAAGGC 120TTTTAG 
GTGG AGGAAGTGGC CTCTGGCTGT CTTGTGACT 
G CCACTCATCA CAGAAACCAC 180TGTACAGAC 
A GGAACTGAGA CACGGAGACA CGGCACAGGA A 
AGGCTCTCT GCATAGAATT 2 4 0 G T A C C A T C C C 1 
AACTACAAA CTGCTTTATT TTAATATGAG GGGA 
AGAGCC GAAATTATTC 3 0 0 ^ ^ 

GCTACATATT C G C T T A 1 T T G GACATAAAGl ATG 
AGGATCA CAGAATAGAA CAAGCTGACT 360 
GGCCTAAAAT CAAGCCAACT CTTCCATTTG GCA 
A^^TCCC TGTTTTGGAG GTGGAAGGAC 4 20 
TT^CAATCCA CCAGAGCCTC GCAATAGCAA GAl 
ATTTGAT CAAAAACACA G A T T T G G C T G 180 
GGAAGACAGC GTTGGAGCAA TGTCAAGCTG AIG 
CAGTGGT GGACACGCTG GATGACTTCA 540 
TGTCTCTCTT CCCATGGGCA GAGAAAGATC AAG 
ATCTAAA AGAGCGGATG TTGAATGAAT 600 
TGCTCACACA TCAAGCACCT CGCCTTCTGA AAG 
ATTTGGA CACATACTTA GGAGACAAAG 660 
^GTGGTTTAT AGGCAATTAT GTAACCTGGG GAG 
ACTTGTA GTGGGATA-IOT TGCAGGACCA 7 20 
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3 2 'J 7 7 3 



29 



30 



C A C T T T T G G T T T T A A AG C 
T C T A C C C C A A AC T G G T G 
ACAAAGTCGA AGCTATCC 



t: bi^jfiL^^MPGDn/i 



im2] PCR^ (1 3 4 b p) cr)c DNAW^tc^?^ 

I&i 3 1 ^ >y h P G D ^^fmm c D N A(7>3^< -."^ V-^^t^' 

m 4 1 t h p G \)^}mm^^^'A^'^r(ry^ y > 

u ^ h P G D^irXf^^ c D N Ac;);^ r*^ U-d*-^ KBd 

[03 6] t: higjkSIMPGD^/j£ffi^^<^^^ff^®«^^^* 



10 



CT GGCTTGTTGG ATA 
TCATTACGG A 7 8 0 
CT GCCATTTCTG 

[[:^17] t ^'>.x^^<i:-a^"7 h(0;iV«?;'JPGD 

[L^]8l t h^'l(iL:§&®PGDS^;S.^^^ffic7>^'^^^^^ 
D c D N A 'Irffl V y — f ^ a h cOmM^ 



[gl2l 



■^n 40 50 60 



GACATCAAGTACGAAGATCACAcoAAiAo^CAAGCTGACTG ^ P T 

DIKYEDHRIEQADW 



10 0 



110 



120 



130 

L P F G 




pT7-7hHPG D S<^SI>*©^5CE1 
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f|§W¥9 - 3 2 



J C.A.TCK:ACC.r3CCAAACTAC^CJC.CTTA^ 

61 TXrTCGTTACAT.T.TGCTT.T.TGG.CATACAGT.TaAAOAC^^^^^ 

18 T R Y I F A y L D I y I 

121 TGACTGGCCTGAAATCAA^TCAACrCTCCCATTTGGAAAAATCCCCATTTjGGAAGTTG^ 180 

38 DWPElKSTLPtL, 

181 TGQACTTACTCTTCACCAGACCCTAGCAATAGC^GATATTTGACC^CACAGAT^^ 240 

241 GGCTGGAAACACAGAA.TGGAACAAT3TCATGTTGATGCT^TTGTGG^^^^^ 300 

78 aGNTEMEQCHvu 

301 tttcatgtcxtcttttccttggccag.ga;^gcaagatgt^^^ 360 

361 r3AGCJGCTC.CGTATAATCCGCCTCATC^ 

.ai C^G.r,;U.TC^:TTATTCK.TAACTCTG.A.CTXOOGCXG.C^^^ 

138 REWLlGNSVTWAi^ 

481 TACCACACTTTTGGTCTTT^GCCTGACCTGTrAG^^^^ ',^1 

Ml ACGGAXGAA.G.CCA.GCCAT.CCTGCCG^^^^ 

601 CAAACTCTAGCTGATCCATCTTGCCtCAACTTTGrrTTTCTCGGGGGCATCTCTCTCAT 660 

198 K L * 

661 CAGXTAAG.CAGCT.C.TCAGCCTGCCAGATAATCC.C.TGCTCCCTCCC^^^^^^ "'^O 

,21 ;^CATTTTCACrrTAGCCArATTCTGATTTTT.AAA.GCAAAAT;^AAAACAAAT^^ ^BO 

798 

7 81 TCAGTAAAAAAAAAAAAA 
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1 

61 

121 

181 
1 

241 
17 

301 

37 

361 
57 

421 

77 

481 
97 

541 
117 

601 
137 

661 
157 

721 
177 

781 
197 

841 

901 

961 



CAGAGCTCCTTCCAGGCTGAACTTTGGACGTGTGTATCTCGTGTGAGCAATGCAGGAAGG 

CTTTTAGGTGCAGGAAGTGGGCTCTGGCTGTCTTGTGACTATCACTCGCTCATCACAGAA 

GCCACAGTACAGATAGGAACGGAGACACAGAGACACAGCACAGCGAAGGGACTCTCGGCA 

TAGAACTGTACCATGCCCAACTACAAACTGCTTTATTTTAATATGAGGGGAAGAGCAGAA 
MPNYKLLYFNMRGRAE 

ATTATTCGTTATATATTTGCTTATTTGGACATCAAGTACGAAGATCACAGAATAGAACAA 
IIRYIFAYLDrKYEDHRlEQ 

GCTGACTGGCCTAAAATCAAACCAACTCTTCCATTTGGCAAAATCCCTGT'ITTGGAGGTG 
ADWPKIKPTLPFGKIPVLEV 

GAAGGACTTACACTTCACCAGAGCCTCGCAATAGCAAGATATTTGACCAAAAACACAGAT 
EGLTLHQSLAIARYLTKNTD 

TTGGCTGGGAAGACAGAGCTGGAGCAGTGTCAAGTGGATGCAGTGGTGGA1ACCCTGGAC 
LAGKTELEQCQVDAVVDTLD 

GATTTCATGTCACTCTTTCCATGGGCAGAGGAAAATCAAGATCTAAAAGAGCGGACGTTC 
DFMSLFPWAEENQDLKERTF 

AATGACrTGCTCACACGTCAAGCACCTCATCTTCTGAAAGATTTGGACACATACTTAGGA 
NDLLTRQAPHLLKDLDTYLG 

GACAAAGAGTGGTTTATTGGCAATTATGTAACTTGGGCAGATTTCTATTGGGATATCTGC 
D K.E WFlGNYVTWADFYWDrC 

AGCACCACACTTTTGGTCTTAAAGCCCGACCTGTTGGGCATCTACCCCAGACTGGTGTCA 
STTLLVLKPDLLGIYPRLVS 

CTACGGAACAAAGTCCAAGCTATTCCTGCTATTTCTGCCTGGATCCTAAAGAGGCCACAG 
LRNKVQAIPAISAWILKRPQ 

ACAAAACTCTAAATGATrCTGGACCCATCATCAGATGAGAAGTCCATCAGCCGGCTACAG 
T K L * 

CATCTGCAAACTTCTCGCCACCACTAGGCCTTCCTCTCACTTTGTAGTATTGTGCTTGCT 
GTGTAGGATTCCTTTGTTGTGACTTTGTCTTTTTCTGTAGGCATTTAGTTrCCAATATTT 
TTTCAAAACTrCACACGTTTTATAATTACAGGGAAATAGTTCACAAAAAAAAAAAAAAAA 
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300 
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420 
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720 
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780 
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i^f^¥9-- 3 2 2 7 7 



me] 



1 2 3 




(14%SDS-PAGE) 



l.IPTG (-) 

2. 0.4 mM IPTG 

3. GSH-Hr7ra-^*^&<^*t^** 



BL21 « 

,6hr ^ 



CmATCmATAanTGGAaAATGTACAGAWTTintlAAArcATCAClAMOT^ 60 

ACAGCTCmACAaX:TCAAanTOACKX;TOCATCTCATGTC^^ 120 

TCTiCAGACAaAACmGAaOOGAGACAOGaACAaaAAfiGC^ 240 

CTACCATWCTAAaAaAAClXOnAmTAATATGMXXSAAiaaWIAAAnATTC 300 

aPNYlLLYFKiRCiAElIS 19 

OCTACATATmCTrATnCGAaTAAAGTATGAMiATCACAGAATAGAAC^ 360 

YIFAYLDIIYEJHllEQADI 39 

(mrrAAAATCAAOX^ACraTCaTTTGO^ 420 

PIIKPTLPFCIIP^LEVECL 59 

nMaWTOAOyiGiMXtTOGCAAlAGC^ 

TIHQSLAIARYLTIHTDLAG 79 

QGAACAOiamXiAGCAAinCAAGCrcAT^ MO 

ITALEQCQADAVTI^TLDDri M 

T(m:rCirrTCa:ATQO«:AGAGAAACATCAAGATCT^^ fioo 

SLFPlAEKDQDLlLElKFfc'El' 119 

TOTCACACAlCAAGCAOTtmrrCTCAAAGATTTWACAaTAOT 660 



LTHQAPBLLKDLDTYLGDKE 

A(TOnnATA0GCAAnAT(?rAAtt1«XXACACTrCTACra»ATAlCT 
IFIGIIYVT»ADPVIDICSTT 

CAcmTGtnrnMAfiocTOmciw 

AaAAGTCmCCTATaXiaXATTTCTGOnWATAaAAAGAGCOCAC^^ 
IVOATPAlSAlIi. K8P8TKI 

TaAGA16AATCA<*AaXyiTCATCACATGACAACTa:ATlAX^ 

AT)OincAa:AATA(»AcmAA(TnCTACTA£now:r^ 
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